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DIETHYLSTILBESTROL: A SUPPRESSOR OF INDUCED FURUNCULOSIS IN RABBITS
Available data indicate that the administration of partially purified female
sex hormones increased the resistance of mice to induced pneumococcic
infection,' or anthrax infection.! Investigations related to the effect of
diethylstilbestrol on induced furunculosis in rabbits are lacking.
Dressel and Kellere demonstrated that natural and acquired antibody
formation may be increased during pregnancy and they pointed out that
the peak production of bactericidal substances against anthrax bacilli
occurred when estrogenic hormones were most concentrated, that is, in
the last few weeks of pregnancy.
Since it is known that the susceptibility of the host to microbial infec-
tion may be influenced by the secretions of the endocrine system it was
felt that injections of diethylstilbestrol into a suitable experimental animal
with a subsequent study of the establishment and evolution of staphylo-
coccal infection would give useful information on the role of a given
estrogen in infection and resistance to staphylococci.
MATERIALS AND METHODS
Cultures. The details of the source and maintenance of the staphylococcal strains
used in this study have been described.'
Hormone solutions. Diethylstilbestrol (DS) solutions were prepared as previously
described.'
Manometric studies. Oxygen consumption employing serum and plasma as sub-
strates was studied by conventional manometric techniques. The experimental con-
ditions were those described by Yotis and Baman.'
Preparation of animals and explanation of assay procedures. All rabbits were
obtained from Scientific Small Animal Farm, Chicago, Ill. They were maintained
on a diet of Dixie Rabbit Pellets. Control and experimental rabbits were kept under
identical conditions.
Effect of diethylstilbestrol on lesion and erythema production. Six-month old,
white New Zealand female rabbits weighing 2.7 kg. to 3.5 kg. were used in this
study. Each experiment involved groups of four control and four experimental
animals of matched weight and was repeated five times.
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The animals were shaved on the left and right side. Subcutaneous injections of
25 ,ug. of diethylstilbestrol dissolved in phosphate buffer containing 2 per cent
ethanol were administered in experimental rabbits, in 1 ml. amounts. Control
animals received 1 ml. of saline containing 2 per cent ethanol at the same time and
by the same route.
S. aureus type XIII was grown aerobically at 37°C. on brain heart infusion agar
(Difco) slant for 18 hours, the cells were collected, suspended in 10 ml. sterile
saline, transferred to a sterile glass bottle containing glass beads, shaken for two
minutes to obtain a homogenous suspension and adjusted with sterile saline to
appropriate concentration (300-400 Klett units). Injections of 0.5 ml. - 1 ml. were
made intradermally into the shaven backs of rabbits one hour after the hormone or
saline-ethanol solution, using a 1 ml. syringe and 26-gauge needles. The size of the
lesion resulting from the injection of S. aureus was determined by tracing its
outline on transparent paper and measuring its area, 48 hours after infection, with
a planimeter. This area reached its maximum in 12 to 48 hr., discharged pus in
24 to 96 hr., and healed in 1 to 3 weeks.
Growth serum studies. To test the antibacterial activity of diethylstilbestrol in
rabbits, various concentrations of hormone were administered subcutaneously in 1 ml.
amounts. Control rabbits received 1 ml. of 2 per cent alcohol in saline solution by
the same route and at the same time. Blood samples were drawn by cardiac puncture
5 minutes after the dose of diethylstilbestrol had been administered and kept at
room temperature for one hour to coagulate. Serum was separated by centrifugation.
The serum was inoculated with an 18-hr. old culture of S. aureus containing approxi-
mately 3.2 X 106 colony forming units (CFU) in an 0.2 ml. amount, incubated
aerobically at 37'C. and assayed for growth. As soon as enough growth was noted
in the control tubes (7 to 9 hr.), the tubes were removed and centrifuged, the
supernatant fluids were discarded and, the cells were washed once with saline,
centrifuged, and the cells resuspended in 5 ml. saline. Then 0.1 ml. samples were
removed, serial tenfold dilutions were made in sterile distilled water and the number
of colony forming units was determined in tryptic soy agar pour plates. The optical
density of the remaining portion of the homogenous cell suspension was determined
in a Klett-Summerson photoelectric colorimeter equipped with a No. 42 filter.
Diethylstilbestrol and virulence of staphylococci. To study the effect of diethyl-
stilbestrol on virulence of S. aureus, the culture was grown on brain heart infusion
agar slant containing subinhibitory concentrations of DS (4 yg/ml.). Control
cultures were grown on the same medium containing the hormone vehicle only
(2 per cent ethanol). The cells were collected after 24 hr. incubation at 37'C.,
standardized to the appropriate concentration with saline and injected intradermally
in the shaved rabbit on the left side. The culture grown in brain heart infusion agar
slants containing the hormone vehicle alone were injected in the same rabbit by
the same route at the same time and on the right side.
RESULTS
Lesion production with staphylococci exposed preziously to DS.
Cutaneous lesion formation provided a useful means of study of hormone
action on the course of staphylococcal infection, because this form of the
disease is most commonly encountered in human infection.
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In zitro studies indicated that prior exposure of moderate cell concen-
trations (1 X 106 CFU/ml. or less) of S. aureus to 15 jug/ml. DS yielded
a significant bactericidal action on staphylococci, while staphylococcal cell
concentrations higher than 1 X 106 CFU/ml. were not killed by treat-
ment with identical concentrations of DS. Since staphylococcal cell con-
centrations of 1 X 108 to 1 X 109 CFU are required to produce visual
skin lesions in rabbits an attempt was made to determine if prior exposure
of resting cell suspensions of S. aureus to nonbactericidal concentrations
of DS would alter the establishment of induced furunculosis in rabbits.
Eighteen to 24-hr. old brain heart infusion agar (Difco) slant cultures
were employed. Cells were collected in 0.1 M sodium phosphate buffer,
pH 7.0, and standardized to 300 Klett units (approximately 4 X 108
CFU/ml.). The cells were treated with 20 jug/ml. of DS and incubated
for one hour at 37°C. on a rotary shaker. These cell preparations were
injected intradermally into the right side of rabbits. Control injections,
containing identical concentrations of staphylococci that had been exposed
for one hour to hormone vehicle only, were injected on the left side of
the same rabbits by the same route and at the same time. The skin lesions
were measured planimetrically after 48 hours. The results (Table 1)
show a marked difference in the size of the skin lesion produced by the
DS-treated and untreated cells of S. aureus. Furthermore, it can be seen
that prior exposure of staphylococci adjusted to 4 X 108 CFU/ml. to
20 ,ug/ml. of DS did not affect the viability of staphylococci. Thus a
TABLE 1. LESION PRODUCTION WITH S. aureuis TREATED WITH DIETHYLSTILBESTROL*
CFU per ml. at
Lesionin
Group Pathology sq. in. 0 hr. 1 hr. at37°C.
Control Necrosis 0.84 - 1.05
Pus 1.72 - 2.10 4.1 x 108 4.2 x 108
Erythema 4.29 - 5.10
Experimental Necrosis 0.22 - 0.45
Pus 0.26 - 0.58 3.8 X 108 3.9 X 108
Erythema 1.73 - 2.12
* Female, 6-month-old (2.7 - 3.5 kg.) New Zealand rabbits were injected intra-
dermally with 0.5 ml. of S. aureus serotype XIII standardized with 0.1 M potassium
phosphate buffer (pH 7.0) to 300 Klett units and exposed for 1 hr. at 37°C. on a
rotary shaker to 20 ,g/ml. DS. Control animals were infected with an identical
inoculum of S. aureus exposed to the hormone vehicle only at the same time and
under similar conditions. The number of colony forming units (CFU) of staphy-
lococci following exposure to DS or the hormone vehicle only was determined in
tryptic soy agar pour plates.
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mechanism other than reduction of cell inoculum was responsible for the
supression of induced furunculosis in rabbits.
Lesion production in rabbits treated with DS. Since cortisone is known'
to suppress the inflammatory reaction and no studies implicating diethyl-
stilbestrol have been reported, an attempt was made to assay the anti-
inflammatory action of diethylstilbestrol in adult female rabbits. This was
accomplished by measuring the size of skin lesions resulting from injection
of staphylococci in control and in diethylstilbestrol-treated rabbits. Table
2 shows that prior treatment of adult rabbits with diethylstilbestrol re-
TABLE 2. LESION PRODUCTION IN RABBITS TREATED WITH DIETHYLSTILBESTROL*
Mean area of skin lesion (sq. in.) with
varying inoculum (mg. dry wt.)
Group Effect** 0.30 0.35 0.45 0.50
Control N 0.68 0.74 0.12 0.78
P 0.18 0.24 1.15 1.05
E 3.2 5.10 1.64 4.39
DS N 0.00 0.11 0.09 0.25
(25 pg.)
P 0.16 0.14 0.11 0.09
E 1.68 2.4 0.81 0.81
* Female adult rabbits received subcutaneously 25 ug. DS and were challenged
intradermally 1 hr. later with varying inoculum of S. aureus serotype XIII.
** N = Necrosis, P = Pus formation, E = Erythema.
sulted in marked reduction in the size of lesion formation. The protective
effect of diethylstilbestrol on the development of staphylococcal lesions
was related to the dose used for challenge.
Serum studies. Since it is known that the action of a given antimicrobial
agent may be modified by body fluids or other detoxifying mechanisms of
the host and since the ability of a given parasite to use the host as a culture
medium constitutes a cardinal prerequisite of microbial pathogenicity, a
comparison of the growth of 10 serotypes of S. aureus in the serum of
hormone-treated and normal rabbits was made by the assay procedure
previously described. The results of these experiments are shown in
Table 3. It can be seen that although the degree of inhibition of growth
varied with each of the 10 serotypes, yet the growth of all strains of
S. aureus was markedly inhibited in serum of the hormone-treated rabbits.
It is worthy of note that rabbits used in serum studies had a blood volume
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TABLE 3. EFFECT OF DS ON THE GROWTH OF S. aureus IN RABBIT SERUM*
CFU or obsorbance at 7 hr. weith various DS concentrations
(ug/ml.)
ODS 5 DS 15 DS
S. aureus Absorb- Absorb- Absorb-
strain ance CFU/ml. ance CFU/ml. ance CFU/ml.
Serotype I 0.43 3.5 X 108 0.42 2.8 X 108 0.12 5.5 X 107
Serotype II 0.38 9.8 x 107 0.38 1.2 x 108 0.07 9.6 x 106
Serotype III 0.40 2.0 x 108 0.39 1.9 x 108 0.11 4.3 X 107
Serotype IV 0.47 4.0 x 108 0.47 4.1 X 108 0.14 9.4 X 107
Serotype V 0.39 1.3 x 108 0.36 1.1 X 108 0.06 2.4 X 107
Serotype IX 0.42 2.5 x 108 0.43 3.2 x 10 0.12 7.7 X 107
Serotype X 0.36 8.3 X 107 0.34 8.1 X 108 0.05 1.0 X 107
Serotype XI 0.42 2.9 x 108 0.42 3.2 x 108 0.07 4.5 x 107
Serotype XII 0.49 4.8 x 108 0.43 4.1 X 108 0.07 2.0 x 10'
Serotype XIII 0.54 5.3 x 108 0.50 5.0 X 108 0.15 1.2 X 10'
* Female, 6-month-old (2.7 to 32 kg) New Zealand rabbits received subcutaneously
0-15 ,ug. DS. Animals were bled 5 minutes later and 5 ml. aliquots of serum were
inoculated with approximately 1 X 108 CFU of staphylococci. Tubes were incubated
statically at 370C. for 7 hr. Three separate experiments were performed with each
strain and the mean values obtained were recorded.
of approximately 150 ml. and since a single injection of 15 ug. DS was
administered, the hormone blood levels would be in the vicinity of 0.1
jug/ml. With tryptic soy broth as a culture medium, a concentration fifty
to one hundredfold (5 to 10 ug/ml.) higher than that achieved in the
blood of the hormone-treated rabbits was required to yield an equivalent
effect. In an attempt to determine the duration of the anti-bacterial action
of DS on the growth of S. aureus in rabbit serum, female adult rabbits
were injected subcutaneously with a single dose of 15 ug. DS. Control
rabbits received the hormone vehicle only. All animals were bled five
minutes later and 5 ml. aliquots of the freshly isolated serum were im-
mediately inoculated with approximately 1 X 105 CFU of S. aureus
serotype XIII. Tubes were incubated statically at 37°C. and at timed
intervals growth was assayed turbidimetrically. Because of changes in the
optical properties of serum during growth of the organisms, culture tubes
were removed at the indicated intervals, the bacteria separated by cen-
trifugation, washed with sterile saline, and resuspended in a constant
volume of saline for turbidity measurements. Five experiments were
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performed, and the mean values obtained are presented graphically in
Figure 1. It can be seen that at each interval after inoculation, serum
from the hormone-treated animals was far less capable of sustaining
staphylococcal growth than that of controls.
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FIG. 1. Duration of the antibacterial action of DS on S. aureus in rabbit serum.
Female 6-month old New Zealand rabbits received subcutaneously a single dose
of 15 ,ug. DS. Controls received the hormone vehicle only. Animals were bled 5
minutes later and 5 ml. aliquots of the freshly isolated serum were immediately
inoculated with approximately 1 X 105 CFU of S. aureus serotype XIII. Tubes
were incubated statically at 37°C. and at timed intervals growth was followed
turbidimetrically. Five experiments were performed and the mean values obtained
were recorded.
Metabolic studies. An attempt was made to demonstrate the antistaphy-
lococcal activity of serum and plasma of rabbits receiving diethylstil-
bestrol by manometric techniques. A random selection of five serotypes
of S. aureus was made from our collection and the oxygen uptake in air
was determined. Table 4 shows the mean values calculated from these
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TABLE 4. EFFECT OF DS ON THE OXIDATION OF PLASMA AND SERUM
u1 O, consumed at 60 min. wpith varying
Substrate Exp. no. DS concentrations (.ug/ml.)
0 1 5 10 20
1 115 116 118 106 70
2 118 118 115 103 71
Plasmaa 3 110 112 111 99 68
4 119 114 113 102 72
5 121 119 120 106 73
Mean 117 116 115 103 71
Per cent inhibition 0 0 0 11 39
1 142 141 137 128 62
2 144 140 135 125 63
Serum 3 136 139 132 124 60
4 148 147 140 126 58
5 143 142 133 127 64
Mean 142 142 135 126 61
Per cent inhibition 0 0 5 12 57
Flask contents: 1 ml. of cell suspension (0.5 mg. dry wt.), 0.5 ml. of 0.1 M potassium
phosphate buffer (pH 7.0), 0.5 ml. serum or plasma from normal and DS-treated
rabbits. A 0.2 ml. amount of 20 per cent KOH and a filter paper wick were placed
in the center wells. Oxygen consumption in the air was determined at 37'C. Values
shown in this table have been corrected for the endogenous respiration.
experiments. The endogenous respiration (approximately 10 ,ul. 02 per
hr.) has been subtracted from the values recorded. In every case the five
strains of S. aureus showed a distinctly lower rate of respiration in the
diethylstilbestrol-treated rabbit serum and plasma than in normal rabbit
serum or plasma as substrate. The degree of inhibition of oxygen con-
sumption with plasma from hormone-treated rabbits was 0, 11 and 39
per cent when rabbits were injected subcutaneously with a single dose of
5, 10 and 20 jug. DS. Under similar conditions the degree of inhibition
of oxygen uptake with serum from DS-treated rabbits was 5, 12 and
57 per cent.
Lesion production with S. aureus grown in presence of DS. The possi-
bility that DS may act as a depressant of toxins or staphylococcal anti-
gens concerned with invasion and proliferation was examined. S. aureus
serotype XIII was grown in brain heart infusion agar (Difco) containing
subinhibitory concentrations of DS (4 ,ug/ml.) and following intradermal
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injections the size of the skin lesion was determined as previously de-
scribed. Table 5 shows that prior growth of S. aureus serotype XIII in
the presence of DS resulted in a significant reduction in the size of the
lesion formed. This reduction in the size of skin lesion was related to
the concentration of the challenge dose. Thus, the inhibition in the size
of skin lesion ranged from 84 to 100 per cent with 0.5 mg. dry weight of
staphylococci as a challenge dose and from 50 to 71 per cent with 0.8
mg. dry weight of staphylococci as a challenge dose.
TABLE 5. LESION PRODUCTION BY S. aureus GROWN PREVIOUSLY ON
BHI AGAR WITH DS*
Mean area of skin lesion (sq. in.)
with varying inoculum
Culture 0.50 mg. 0.80 mg.
medium Pus Erythema Pus Erythema
BHI agar plus 0.04 3.30 0.05 4.21
hormone vehicle
BHI agar plus 0.0 0.53 0.02 1.25
4 ug/ml. DS
* Twenty-four female, adult rabbits were injected intradermally on one side with
varying inoculum of S. aureus serotype XIII which had been grown on BHI agar
slant containing 4 ,ug/ml. DS, and on the other side with a similar inoculum of
S. aureus which had been grown on BHI slants containing the hormone vehicle
alone.
DISCUSSION
Diethylstilbestrol in therapeutic concentrations has the property of
altering the host-parasite relationship of staphylococci, with the outcome
in favor of the host, and induced furunculosis in rabbits is thereby re-
tarded. One implication of this finding has to do with the problem of
mechanism or mechanisms of action. The most likely possibility emerging
from this study is that the effect of diethylstilbestrol is exerted directly
on staphylococci. Since prior exposure of the challenging dose of S.
aureus to 20 jug/ml. of diethylstilbestrol did not affect the viability of
staphylococci at a first glance, this possibility would seem improbable.
However, before we dismiss this possibility it would be prudent to re-
member that the pathogenicity or metabolism of a given parasite can be
seriously altered by exposure to an antimicrobial agent without loss of
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viability of the cell. It has certainly been shown in this study that growth
of S. aureus in the presence of subinhibitory concentrations of diethyl-
stilbestrol and subsequent injections into adult female rabbits suppressed
the virulence of S. aureus for these animals. Furthermore, retardation of
the rate of growth and inhibition of the respiration of S. aureus by serum
from rabbits treated with diethylstilbestrol has been demonstrated by
turbidimetric and manometric techniques, indicating a hormonal altera-
tion in the metabolism of S. aureus. Regarding the serum studies from
diethylstilbestrol-treated rabbits, it is interesting to note that the mini-
mum concentration of hormone in the in vitro experiments required to
produce a significant bacteriostatic effect on S. aureus was approximately
5 ug/ml. In the rabbit studies, injected hormone is immediately diluted
at least 150-fold and since a single injection of 15 jig. DS was adminis-
tered, the hormone blood levels would be in the vicinity of 0.1 pug./ml.
Thus, in vivo a concentration 50 times lower than that required with
tryptic soy broth was necessary to yield an equivalent result. It appears
as if the hormone is acting synergistically with other serum constituents.
Much interest has been centered upon the effect of hormones on the
ground substance of connective tissue. Beneficial effects of testosterone
on granulation tissue response to injury where subcutaneous wounds were
inflicted have been reported.' The ability of testosterone to increase
synthesis of the mucopolysaccharides of connective tissue is also known."'
The studies presented in this paper indicate that smaller staphylococcal
skin lesions can be produced in rabbits which received diethylstilbestrol
one hour prior to challenge with virulent staphylococci than in the control
animals. Is it logical to assume that the altered tissue structure in the
diethylstilbestrol-treated animals could have accounted for the suppression
of furunculosis? Although the time interval between hormone treatment
and challenge is closely spaced, the possibility has not been excluded
and one is certainly at liberty to consider other mechanisms involving
the host.
SUMMARY
In vivo studies indicated that a single cutaneous injection of 15 ,ug.
diethylstilbestrol into rabbits was sufficient to suppress the growth of
staphylococci in the sera of these animals. Staphylococcal skin lesions
were significantly retarded by diethylstilbestrol in the treated rabbit as
compared to control rabbits. Growth of staphylococci in BHI agar con-
taining subinhibitory doses of diethylstilbestrol and subsequent injection
into adult rabbits suppressed the virulence of staphylococci for these
animals.
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